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1. INTRODUCTION

The Techniques Development Laboratory has produced a computer program
which generates public weather forecasts in worded form from digital fore-
casts of weather elements. This computer worded forecast (CWF) program was
designed to be implemented concurrently with the AFOS (Automation of Field
Operations and Services) system. One version of the program operates at NMC
(National Meteorological Center) on NOAA's large computer system and sends
forecasts over the NDC (National Distribution Circuit); another version can be
run on the local AFOS minicomputer.

It is the main intent of this paper to provide detail on the selection and
combination of phrases which compose the forecast. The input to the program,
the options available in its use, its operation in the AFOS environment, and
future plans will also be discussed. It is hoped that if the forecaster is
familiar with these items, the utilization of the program will be simplified
and its effectiveness will be increased.

2. INPUT TO PROGRAM

A. Weather Forecasts

The most important inputs to the CWF program are, of course, the weather
forecasts. For the version of CWF which operates at NMC, these weather
forecasts are produced by the MOS (Model Output Statistics) technique (Glahn and
Lowry, 1972). For the version of CWF which can be run locally on the AFOS mini-
computer these weather forecasts are local forecasts or a combination of MOS
and local forecasts.

Fig. 1 shows the MOS forecasts in matrix form. These forecasts were made
from a 0000 GMT model run. The three forecast periods-—today, tonight, and
tomorrow-—covered by the CWF are indicated, as well as a fourth period--
tomorrow night, which is given for additional guidance only. The appropriate
GMI wvalid times are also shown.

Note that for most elements the first valid time, 1200 GMT (Z), is 12 hours
after the initial data time for the numerical model. The MOS forecasts
partially rely, in some cases, on surface observations 3 hours after 0000 GMT.
The forecast elements are explained briefly below. It should also be noted
that not all elements given are used as input. A CWF generated from this
sample matrix is shown in Fig. 2.



GUIDANCE MATRIX DCA VALID TIME
ELEMENT UNITS 12Z 182 00Z 06Z 12Z 182 00Z 06z 122
(==-TODAY---) (-~-TONIGHT--) (~TOMORROW-) (-TMW NIGHT-)
TEMP M/M DEG F 54 - 39 55 27
TEMP DEG F 39 39 46 52 52 49 48 46 46 45 49 51 49 43 39
POP(12)  PERCENT 22 84 ' 20 0
POP (6) PERCENT 3 28 82 23 19 6
POF (P) PERCENT 2 2 0 0 0 3 8
POZR(P) PERCENT 1 0 0 0 0 0 0
PREC TYP CATEGORY 3 3 3 3 3 3 3
QPF CATEGORY 1 1 1
SNOW AMT CATEGORY 0
R SHR(L) PERCENT 22 4 64
DRZL{L) PERCENT 9 0 35
RAIN(L) PERCENT 69 100 2
TSTM PERCENT 0 1 0
CLOUDS CATEGORY 3 4 4 4 1 1 1
FOG PERCENT
WIND D/S DEG MPH 2205 1906 1404 1707 2908 3015 3311
CIG CATEGORY 6 6 5 3
VIS CATEGORY 6 6 5 4
Figure 1. Sample forecast matrix.
DCA FORECAST FOR WASHINGTON, DC
WEDNESDAY 23 NOV 1978
CLOUDY TODARY WITH A SLIGHT CHANCE OF RAIN IN THE AFTERNOON. CHILLY
HIGH IN THE MID 58S. LIGHT AND VARIABLE WINDS. TONIGHT--RAIN. LOW

IN THE UPPER 38S. LIGHT AND VARIABLE WINDS,
WITH A SLIGHT CHANCE OF SHOWERS IN THE MORNING. BREEZY IN THE
AFTERNOON. HIGH IN THE MID 58S. PROBABILITY OF PRECIPITATION 28
PERCENT TODAY 88 PERCENT TONIGHT AND 28 PERCENT TOMORROU.

THURSDAY--PARTLY CLOUDY

Figure 2. Example of a three-period forecast prepared by the CWF
program from the digital data shown in Fig. 1.



TEMP M/M--The max temperature is given for today and tomorrow, and the
min for tonight and tomorrow night. Actually, these forecasts each cover a
24-h period (midnight to midnight, local time) ; therefore , the first max is
not for just the daylight hours. (For details, see Klein and Hammons, 1975.)

TEMP--A specific-time temperature forecast is currently available for pro-
jections of 9, 12, ..., 48, and 51 hours. These forecasts help determine
the wording concerning temperature. Since the MOS forecast max is for a 24-h
period and the local forecasts are usually for a 12-h "daytime" period, adjust-
ment of the MOS forecast max is sometimes made to conform with an expected
daytime max.

POP(12)--These are forecasts of the probability of occurrence of >.01 in
of precipitation (liquid equivalent) in each of the 12-h periods. Besides
determining, in large part, what wording to use regarding precipitation, they
are used in the probability statements, rounded to tens of percent. (For
details, see Lowry and Glahn, 1976 and NWS, 1977a.)

POP(6)--Forecasts for each of the two 6-h periods within the first three 12-h
periods are given. They help determine changes in precipitation occurrence and
cloudiness within the 12-h periods.

POF(P)--Forecasts of the probability of frozen precipitation, given that
precipitation occurs, are available for seven specific times--every 6 hours
starting with 1200 GMT. (For details, see Glahn and Bocchieri, 1975 and
3occhieri and Glahn, 1976.)

POZR(P)--Forecasts of the probability of freezing rain, given that precipita-
tion occurs, are available for seven specific times--every-6 hours starting
with 1200 GMT. (For details, see NWS, 1978a.) This element is not used in
composing the CWF.

PREC TYP--Freezing, frozen, and liquid (rain or mixed types) precipitation
are given by category numbers 1 through 3, respectively, for each of the first
three 12-h periods. (See NWS 1978a for details.) This element is not used in
composing the CWF.

QPF--Categorical forecasts of quantitative precipitation are given for each
of the first three 12-h periods. Categories 1 through 5 indicate <,25, .25-.49,
.50-.99, 1.0-1.99, and >2.0 inches respectively. Threshold probabilities were
determined for each category 2 through 5 for transforming probability forecasts
into categorical forecasts in such a way that the threat score is maximized.
(See Bermowitz and Zurndorfer, 1979 for details.)

SNOW AMOUNT--A categorical forecast of heavy snow is given for the first
12-h period. Categories 0 and 4 indicate <4 and > 4 inches, respectively. (See
NWS , 1978b for details.) This element is not used in composing the CWF.

R SHR(L), DRZL(L), and RAIN(L)--These are forecasts of the probability of
rain showers, drizzle, and nonshowery rain, respectively, given that liquid
precipitation occurs. There is one forecast of each variable valid in the

-



dddle of the first three 12-h periods. These are mutually exclusive and
exhaustive categories; therefore, except for roundoff, the sum of the three
probabilities equals unity. These forecasts are not disseminated by teletype
or facsimile; the technique was developed specifically for input to the CWF's.
(See Carter, 1974 and 1975a for details.)

TSTM--The unconditional probability of a thunderstorm occurring at the
station sometime during the first three 12-h periods is given. Actually, this
predictand was determined from 3-hourly observations and will, therefore, be
biased toward low values. This is no real problem for use in the CWF's, since
a correspondingly low threshold can be used to determine when thunderstorms
will be mentioned. The threshold is quite arbitrary and must be determined by
experience. Relatively little effort has gone into producing these thunder-
storm forecasts. (See Carter, 1974 and 1975a.)

CLOUDS--Clear, scattered, broken, and overcast sky conditions are given by
category numbers 1 through 4, respectively, for each of seven projections.
Probabilities of each of these categories are objectively determined (Carter
and Glahn, 1976) and the categories are specified from these probabilities as
described by Carter (1976).

FOG--no forecasts are currently being made for this element.

WIND D/S--Wind direction to tens of degrees and speed aré given in the
usual convention for each of seven projections. A separate regression equation
is evaluated for speed and for the U and V components. Direction is determined
from the components and the regression estimate of speed is inflated. (See
Carter, 1975b for details.)

CIG--A specific time forecast for six categories of ceiling height is given
for the 12—, 18-, 24- and 30-h projections. Categories 1 thru 6 correspond to
a ceiling <200, 200-400, 500-900, 1000-2900, 3000-7500, and >7500 ft, respec-
tively. (See NWS, 1978c for details.) This element is not used in composing
the CWF.

VIS--A specific time forecast for six categories of visibility is given
for 12-, 18-, 24—~ and 30-h projections. Categories 1 thru 6 correspond to a

visibility <1/2, 1/2-7/8, 1-2 1/2, 3-4, 5-6, and >6 mi, respectively. (See
NWS, 1978c for details.) This element is not used in composing the CWF.

B. Climatological Maximum and Minimum Temperature

Climatological max and min temperatures are provided for each station.
They are used in determining temperature phraseology.

C. Current Observations

Surface observations of temperature and weather are input to assist in the
determination of precipitation type.



D, Station Directory

The station directory lists station names and identifying numbers for which
forecasts are to be made.

E. "Text Phrases

Nearly all words and phrases used in the CWF program are read from data sets
rather than being "built in" to the program; this increases flexibility.

F. Text Composition Information

Information is provided concerning the order of phrases, their punctuation,
and how they are to be connected to other phrases. A brief explanation is given
in Glahn (1978).

G. Control Information

Control information for each of the weather elements included in the CWF--
wind, temperature, cloud, and precipitation--is provided. It specifies,
among other things, the maximum complexity of wording to be used for each
element and forecast period. This information is explained more fully in
later sections.

3, CHARACTERISTICS OF FORECASTS

The main goal in developing the CWF program was that the resulting fore-
casts would be saleable and operationally useful. Therefore, no major departures
from the forecast format currently in use by local forecasters were made. Gen-
erally, the NWS operational manuals were followed , - although these have been
under revision during recent years and, for that reason, could not provide
absolute guidance.

To achieve the above goal, the program was designed to allow considerable
flexibility in choice of phrases. For instance, one station or NWS Region
might desire quite detailed forecasts while another might want considerably
abbreviated forecasts. Also, different preferences may prevail as to what
constitutes "windy," "very cold," etc.

Even with the desire to allow flexibility by a "user" in specifying control
parameters, certain guidelines had to be adopted. Three of these are:

e four basic weather elements would be included--wind,
temperature, cloud, and precipitation;

e the forecasts would be segmented by period--today, tonight,
and tomorrow--except for very simple forecasts in which
periods could be easily combined; and

Lror instance, NWS (1972) , NWS (1977b) , and NWS (1978d).



e the most important elements would be put near the beginning
of the segment.

It was soon found that each basic weather element had to be treated
differently from all the rest. For instance, a change (or lack thereof) in
temperature from the previous day is many times mentioned, but seldom is a
change in wind from the previous day mentioned. Also, wind statements are
based almost solely upon the wind vector itself (given at the beginning, middle ,
and end of each period) while the precipitation statement is based on POP(12),
POP(6), POF, R SHR(L), DRZL(L), RAIN(L), TSTM, QPF, TEMP M/M, and CLOUDS (some
given once per period, some twice, and some three times).

The following sections describe in some detail how the phrases are selected.
Even this description may leave questions that only a detailed flow diagram of
the computer program could answer.

4. PHRASE SELECTION

The following sections describe the selection of the four major phrases——
wind, temperature, cloud, and precipitation. Appendix I, containing the control
constants, and Appendix II, listing all the text phrases, will be helpful refer-
ences, ‘

A. Wind Phrases

In general, wind phrases are complete sentences into which a speed(s)
and/or direction(s) may be inserted. Fig. 3 describes the selection of wind
phrases. The phrases are for the first (or today) period. Appropriate changes
are made to adapt them to the second or third period. The selection of a wind
phrase is dependent upon wind speed and direction, max/min temperature, wind
complexity constants, and eleven wind control constants (see Appendix I).

For each period, there are three forecasted wind speeds. There is some over-—
lap between periods. For example, the "end of period" wind speed for the today
period (24-h projection) is the "beginning of period" wind speed for the tonight
period. The wind values that are used in the selection of wind phrases are
designated S1, S2, and S3 for the beginning, middle and end of period wind
speed. S1, S2, and S3 are, for the most part, the actual forecasted values
from the guidance matrix for that particular period. In some cases, however,
it is desirable to filter (smooth) some or all of these wind speeds. Fig. &4
outlines these cases.

As with wind speeds, there are three forecasted wind directions for each
period with the same overlap as described in wind speeds. The wind directions
that are used in the selection of wind phrases are designated as D1, D2, and
D3 for the beginning, middle and end of period wind direction. These are
unrounded values, and in most cases it is the differences between wind direc-
tions from one part of a period to another that influences the selection of
the wind phrase.
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Figure 4. Wind Speed Smoothing.
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Smoothing is performed in order to keep small changes in forecast wind

" speeds during a forecast period from unduly influencing phrase selection.
S1, S2, and S3 are, respectively, the wind speeds at the beginning, middle,
and end of the forecast period. A "1" means the condition specified at the

top of the column is satisfied; a "0" means it is not satisfied.
currently has a value of 5 mph.

LW2



Some of the s
text statement

impler wind text statements require no insertions. For example,
24 (see Appendix II) is "Breezy." However, some statements

require insertion of a direction and/or a speed(s) or possibly even a range
of speeds. All speeds are rounded to the nearest 5 mph. If an average of
speeds is to be inserted, the speeds are averaged first and then rounded.

When winds are

"strong" the word "gusty" is sometimes inserted and a range of

speed indicated such that the lower yalue is the filtered value and the upper

value nearly 1

1/2 times that value.2 Wind directions are converted to the

nearest eight points of the compass.

Text statements 9 thru 14 have the option of including a range of speeds.
Wind control constant LW10 together with a random number determinesif a range
of speeds is to be used. LW10 set equal to 100 (0) indicates always (never)

to use a range.

" (a) If a range is not desired, a range will be used only occasionally
and then when the smoothed speeds indicate it. ’

(b) 1If a
more

(1)

(2)

(3)

(4)

(5)

(6)

range is desired, the wind control constant LW11l specifies
information.

LWll

I

0 Use range given by unsmoothed speeds. May
occasionally be a single value.

I
=

LW1ll Use range of 5 or more if unsmoothed speeds specify
such. The range is found by adding 5 to the max

value of the speeds.

The same as 2 above except the range is determined
by subtracting 5 from the min of the speeds.

Il
las]

LWll

i}
w

LW1ll The same as 2 and 3 above except the range is
determined by adjusting both ends of the speed

values.

I
~

LW1l The same as 4 above except use a range of 5 about
60% of the time and a range of 10 about 40Z of the

time.

]
w

LWll The same as 4 above except use a range of 10.

B. Temperature

Temperature information is inserted in two parts--a descriptor, such as
"unusually cool" or "little change in temperature," and a statement such as
"high in the low 90's." The latter, a categorization of the digital temperature
forecasts, is always included for each of the three periods, but the descriptor
is sometimes omitted.

2The actual upper value G, before rounding, is computed from the filtered
value S and the equation suggested by Tattleman (1975) G = S(1. + 0.6

exp (-.0118)).



Control information for temperature descriptor selection includes a complexity
for each period of 1, 2, or 3 and 17 constants LT1, LT2, LT4 through LT17, and
LT19. These control constants are explained in Appendix I. Fig. 5 shows all
of the max temperature descriptor phrases and how they would be selected as a
function of forecast temperature, departure from normal, and change from the
day before. The categories are actually determined by the LT constants as
shown--the numerical values indicate what these control values are at the present
time. This is really a three-dimensional matrix with the- third dimension repre-
sented by the six phrases in each box corresponding to the key in the lower
right corner. The number preceding each phrase is a phrase number, and the
three columns of numbers correspond to complexities 1, 2, and 3, respectively.
The presence (absence) of a phrase number in a column indicates that the phrase
would be used (would not be used) for that complexity. For instance , for a
forecast temperature of 70°F, a departure from normal of -8°F, and a change from
yesterday of 2°F, "eo0l" would be used for complexity 1, but no descriptor
would be used for complexities 2 and 3. Some combinations have no descriptor
defined. '

The two-dimensional matrix in Fig. 6 performs the same function for min
temperature as the three-dimensional matrix does in Fig. 5 for max temperature.
Note that the min temperature phrases and their selection are very simple com-
pared to max temperature.

The digital temperature forecasts are generally presented in four categories——
for instance, low 60's (61-63°F), mid 60's (64-66°F), upper 60's (67-69°F) ,
and near 70 (70°F). Departures from this categorization are made for forecasts
below 20°F and above 100°F.

Not infrequently, the 3-hourly temperature forecasts indicate the max will
not occur in the afternoon. For instance, a warming trend may be indicated by
a higher forecast temperature at a projection of 27 or 30 hours than at any
other time. Or,a cold frontal passage may be indicated by a higher forecast
temperature at 0900 or 1200 GMT than at any later time. Nine different tempera-
ture "traces" have been identified. The definitions of these traces and wording
that is chosen based on these traces are given in Fig. 7.

C. Cloud Phrases

The selection of cloud phrases is dependent upon the forecast cloud amount
at the beginning, middle, and end of the period; the cloud phrase complexity
constants; and the period itself. For the cloud amounts, there is some overlap
between periods. For example, the "end of period" cloud amount for today
(24-h projection) is the "beginning of period" cloud amount for tonight. Cloud
amounts are forecast in categories. Categories one through four correspond to
clear, scattered, broken, and overcast, respectively. The cloud phrase com-
plexity constants range in value from one through three, where one specifies
the most complex wording and three the simplest. Appendix III describes the
selection of the cloud phrases and the consistency checks that are made from
period to period.
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PERATURE FORECAST

T

DEPARTURE FROM NORMAL

-LT2 -LTI LT! LT2
<=l =1 ta=10, rb 7 1010 2 |l
SO M ——
. 81 = = MODERATE TEWmPS - = MODERATE TEMPS. |104 104 |04 MUCH HOTTER 104 104 104 MUCH HOTTER PO4 104 104 MUCH HOTTER
- - MODERATE TEMPS = = MODERATE TEM 105 105 = MWOTTER 108 108 10% HOTTER 105 105 105 HOTTER
0l = = MODERATE TEMPS §1 = = MODEAATE TEMPS. (100 = = LITTLE CHANGE W TEMP|II3 113 = COMTINUED VERY HOT[II3 113 113 CONTINUED VERY HOT
; 96 81 = = MODERATE TEWFS 81 - — MODERATE TEMPS 108 108 = NOT QUITE AS MOT 108 108 = NOT QUITE AS HOT i14 114 114 YERY HOT
L — MODERATE TEMPS. 8 = = MODEAATE TEMPS 94 94 94 MODERATING TEMPS. 44 @4 = MODERATIMG TEMPS. | ™ 84 — MODERATING TEMPS,
LTQ n - - MODLRATE TEWMPS ®1 = = MODLRATE TEMPS - - - - Il4 1ie ~ WERY HOT 114 14 114 YERY WOT
90 81 = = MODERATE TEMPS - - = —_ 107 107 107 MISING TEMPS. 104 104 104 MUCH HOTTER o4 104 104 MUCH HOTTER
81 = = WODERATL TEMPS - == —_ - - = —_— 108 108 — HOTTER 108 105 105 HOTTER
TO M — MODERATE TEMPS 166 = - LITTLE CHANGE 1N TEMPligo = = LITTLE CHARGE mMTEMA 115 115 = CONTINUED HOT 115 118 115 CONTINUED HOT
= = MODERATE TEMPS 101 = = SOMEWHAT COOLER - - = ] s = = HWOT 1iE 118 118 HOT
81 = = MODERATE TEMPA 84 B4 - COOLER 108 108 — LOWERING TEMPS 94 B4 = MODERATING TEMPS. |94 94 MODERATING TEMPS,
LT8 95 81 - - MODERATE TEMPS 82 - - COWMFORTABLE TEMPS | — = = —_— 118 118 = HWOT e _11s HOT
80 82 = = COMFORTABLE TEMPS | B8 TB8 - SOMEMMAT WARMER 109 109 108 MUCH WARMER 109 100 108 MUCH WARMER 104 104 104 MUCH HOTTER
82 = = COMFORTABLE TEMPS | 82 = = COMFORTABLE TEMPS | = = = —_ 17 = = wWARMER 106 105 105 HOTTER
TO o = o 82 = ~— COMFORTABLE TEMPS [100 = = LITTLE CHANGE IM TEMP, e = = WERY WARM 1156 115 115 CORTINUED HOT
. |84 84 — cooutr 101 = = SOMEWMAT COOLER - - - - e = = — i18 118 118 HOT
85 8% = MUCH COOLER 84 84 B4 COOLER 95 85 = MUCHM COOLER 101 181 = SOMEWHAT COOLER #4 §4 94 MOODLRATING TEMPS,
T? 89 83 83 =~ UNUSUALLY COOL el el — - = - — 1 = = WERY wWARM 1ie 118 18 HOT
L 56 B6 B8 ~ SOMEwWHAT waRMER s s - SOMEWHAT WARMER 119 116 — HILDER 10T 10T 11T WARMER 109 108 — MUCH WARMLR
87 87 = UNSEASONABLY COOL |- = = - 1IT = = WARMER 118 = = PLEASANT TEWMPS. 117 11T = WARMER
TO 88 BA — COMTINUED COOL gz - - COOL 11l = = SEASONABLE TEMPS, [119 = — PLEASANY TEMPS, 120 120 = CONTINUED MILD
84 84 = COOLER 101 = = SOMEWHAT COOLER #4 - = COOLER 11§ = = PLEASANT TEMPS. 121 121 = SLIGHTLY COOLER
#5 8% — MUCH COOLER 84 84 84 COOLER 85 85 - MWUCH COOLER 101 10f — SOMEWHAT COOLER 101 101 = SOMEWHAT COOLER
- 79 loz 102 = COOL - - - — 111 = = SEASOMABLE TEMPS, [118 = = PLEASANT TEMPS. 123 123 = MILD
L 6 41 G4 B4 B4 MODERATING TEMPS, 8 88 = SOMIVWHAT wWaARMER 1ie 110 = MILDER 117 107 £17 WARMER 109 108 = MUCH WARMER
%0 90 90 COLD - = = - 88 = = SOMEWHAT WARMER B8 = = SOMEWHAT WARMER [117 11T — WARMER .
TO [s1 81 81 cONTINUED COLD #8 = = VERY COOL 1z = = CHILLY 100 = = LITTLE CHANGE IMTEMP/IOO 100 = LITTLE CHANGE 1M TEMP.
#2 82 82 COLDIR 7% = = SOMEWHAT COLDER B4 - — COOLER = mm A — - e —
93 93 93 MUCH COLDER 92 92 @2 COLDER BS5 B85 85 MUCH COOLER 101 i01 — SOMEWHAT COOLER - = = -—
55 $0, #0 §0 COLD 8 - - WERY COOL 112 = = CHILLY - - = —_ iza = = MILD
LTS 3' §4 94 94 MODERATING TEMPS.| g4 @4 =- MODERATING TEMPS. 10T 107 — RISING TEMPS 117 11T = WARMER 81 — — MODERATE TEMPS.
%0 #0 B0 COLD W - - coub ol - 86 = = SOMEWHAT WARMER 81 = = MODERATE TEMPS.
TO B 91 @i CONTINUED COLD gl @1 - CONTINUED COLD 100 = = LITTLE CHANGE W TEMP. |ID0D = = WUTTLE CHAMGE IN TEMP.| 81 = = MODERATE TEMPS,
9% 9% 95 BECOMING COLDER | 9% 9% = BECOMING COLDER e e - o - 8 = = MODERATE TEMPS,
96 86 §& TURNING MUCHCOLDER| B8 96 #8 TURNING MUCH COLDER |1 08 108 — LOWER TEMPS, - e e — 81 = = MWODERATE TEMPS.
LT4 40 40 B0 90 COLD 80 ®#0 - €OLD - - = -— - = - — 81 = = MODERATE TEMPS.
94 B4 94 MODEAATING TEMPS. | 94 54 — MODERATING TEMP %4 G4 94 MODERATING TEMPS, = = MODERATE TEMPS. 81 - = MODERATE TEMPS.
47 87 87 VERY COLD 103 103 = WOT QUITE AS COLD 103103 = NOT QUTE AS COLD = = MODERATE TEMPS, 8l = = MODERATE TEMPS.
98 8 98 CONTINUED VERYCOLD| 98 S8 - CONTIHUED WERY COLD|100 — = LITTLE CHANGE IN TEMP = = MODERATE TEMPS. 8l — = MODERATE TEMPS.
<3O % 9§68 B9 MTIER coLD* 92 92 92 COLDER 82 #z — COLDER - = MODERATE TEMPS. 8l = = MODERATE TEMPS.
N 93 §3 93 MUCH COLDER 93 93 B3 MUCH COLDER 93 93 93 MUCH COLDER - - MOCERATE TEMPS. |81 = = MWOGERATE TEMPS.
5 8% @9 MITTER cowD® 91 87 - VERY COLD - — 81 = - MODERATE TEMPS 8l = — WODERATE TIMPS
® QITTER COLD HOT USED WUNLESS wIND 15 A FACTOR=USE VERY COLD INSTEAD
AT Z11_CHANGE FROM YESTERDAY
LTI 8 TO 10 CHANGE FROM YESTERDAY
ETEO * 5 CHANGE FROM YESTERDAY
LT TO =10 CHANGE FROM YESTERADAY
£.1| CHANGE FROM YESTERDAY
YESTERDAY'S TEMP. MISSING

Figure 5.

temperature, departure from normal,
temperatures are in °F.

Maximum temperature descriptors indica
and change from the day before.
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MIN TEMPERATURE
DEPARTURE FROM NORMAL

(s-9)  -LTIS  (28) LTI9 __(29)

(280) — S HOT
LT 17—

W (61-80) cooL e WARM

o

5 LTI6

. .

L (51-60) cooL A WARM

L

& LTS

L

- (31-50) | VERY COOL ——— MILD

b LTI4

S 16-30) COLD N MILD

L)

o

& LTI3
(1-15) COLD — P
LTI2 ‘
(<0) | VERY coLD S -

Figure 6. Minimum temperature descriptors indicated as a function of
forecast temperature and departure from normal.
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D. Precipitation Phrases

Phrase selection for precipitation is more complicated than for the other
three elements. It depends on 10 of the 18 variables appearing in the forecast
matrix in Fig. 1.

Precipitation phrases can have three parts. One is a qualifier; if it is
"chance of" for instance, it will be first; if it is "likely," it will be
second. Another part, which can also be first or second, is the precip
descriptor, such as "snow'" or "showers." The third part, if there is one, is
always a time definition such as "in the morning." Besides these basic two-
or-three-part phrases, there are also lengthy phrases describing intraperiod
changes which are complete within themselves except that the qualifier must
be inserted. An example with the qualifier "likely" inserted, is "snow likely
in the afternoon turning to rain before evening."

Control information for precip phrase selection includes a complexity fot
each period of 1, 2, or 3 and 23 control constants, LP1 through LP23. These
constants are explained in Appendix I. The selection of precip phrase parts
is discussed in the following sections. A number in parentheses following
the precip phrase is the phrase number. These numbers correspond to the phrase
numbers in Appendix II. The number in parentheses following a constant is the
present value of that constant. It should be noted that no precip phrase will
be used if 1) the 12-h POP is less than 10 percent or 2) if the 12-h POP is
less than LP1(20) and the TSTM is less than LP5(10).

Fig. 8 shows the flow for the selection and combination of precip phrase
parts. The different steps in this process are discussed in the following
paragraphs.

a. Fig. 9 shows the criteria for determining the appropriate precipita-
tion qualifier. Basically the qualifier is dependent upon the 12-h
PoP for the period.

b. The precip descriptor is dependent upon the POF at the beginning,
middle, and end of the period; the forecasted max/min temperature;
and the forecasted precip for the period. The definitions of these
categories are given in Figs. 10, 11, and 12 for POF, temperature,
and precip, respectively.

c. Based on the categories determined in b above, the code or phrase
number is located in the precip matrices in Fig. 13. Each of these
matrices is really three-dimensional matrix with the third dimension
represented by the three rows of numbers in each box corresponding
to the key in the lower right corner. Numbers greater than 8 are
phrase numbers (see Appendix II) and numbers 1 thru 8 are codes
which are described in Fig. 14. The three columns of numbers in
Fig. 13 correspond to the first, second, and third period, respectively.
For instance, if precip was indicated for all of the period, the
temperature was in the low range, and if the POF categories were
determined to be high, middle, and low for the beginning, middle, and

-
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\J
CHOOSE PRECIP
QUALIFIER BASED
.ON 12-H POP
(FIGURE 9)

/

DETERMINE CATEGORIES

NEEDED FOR CHOOSING

PRECIP PHRASES

~POF AT BEGINNING OF PERIOD (FIGURE 10)
—-POF AT MIDDLE OF PERIOD (FIGURE 10)
-POF AT END OF PERIOD (FIGURE 10)
-TEMPERATURE CATEGORIES (FIGURE 11)
~PRECIP DURING PERIOD (FIGURE 12)

/ _—
LOCATE CODE OR PHRASE
NUMBER IN PRECIP CODE
MATRICESA(FIGURE 13)

FOLLOW CODE
LOGIC TO
DETERMINE
PHRASE NUMBER
(FIGURE 14)
PHRASE |
NUMBER

DETERMINE TIME | .
DEFINITIONS

COMBINE QUALIFIER,
PRECIP PHRASE AND
I TIME DEFINITION

Figure 8. Flow diragram for the selection and combination of
precipitation phrase parts.
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Criteria Qualifier

LP1(20) > 12-h POP > 10%

and TSTM > LP5(10) "slight chance of" (#140)
LP2(25) > 12-h POP > LP1(20) "slight chance of" (#140)
LP3(55) > 12-h POP > LP2(25) "chance of" (#142)

LP4(75) > 12-h POP > LP3(55) "likely" (#143)

12-h POP > LP4(75) no qualifier used

Figure 9, Precipitation qualifiers,

High POF > LP7(65)
Middle LP7(65) > poFr > LP9(35)
Low LP9(35) > POF

Figure 10, POF ranges,

Low J=1, P = Beg, TEMP < 1P12(27)

Low J=1, P # Beg ,TEMP < LP15(34)

Low J=3, TEMP < LP1l4 (34)

High If none of the above conditions are satisfied.

Figure 11, Temperature categories (TC) are defined by the
portion of period in which precip is specified (P) (see
Fig. 12) , the current temperature (TEMP ), the max/min
temperature (TEMP), and the forecast period (J). -~
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rtion of Period

Beginning

Beginning

Beginning

Beginning

Beginning

Beginning

Beginning

End

End

End

End

End

Criteria

6-h POP,< LP17(10); (6-h POP;-6-h POP2) >LP18(25)

6-h POP; >12% or 6-h POP, > 12%;

6-h POP, < 1/2 12-h POP; C; > 3;

2
6-h POP; > 12% or 6-h POP, >12%;

6-h POP, < 1/2 6-h POP
C; >Cy

J=1; 6-h POP, <20%;

1;

(6-h POPI - 6-h POPZ) > LP18(25); 12-h POPy > 12-h POP,

6-h POP;
6-h POP, < 1/3 6-h POPy; C; >C3

6-h POPl >

> 12% or 6-h POPp > 12%; 6-h POP, < 1/3 12-h POP;

12% or 6-h POP, > 12%; J=2; 6-h POP, < 20%;

(6-h POP4 -6-h PDPz) > LP18(25); 12-h POP; > 12-h FOP,; 12-h POP, > 12-h POP4

6-h POP, > 12% or 6-h POP, >12%; J=3; 6-h POP, < 202

(6-h PDPl - 6-h POPZ) > LP18(25); 12-h POP2 > 12-h POP4

6-h POP, > 12% or 6-h POP, > 12%Z; cloud phrase is “"clearing" (#51); .

6~ POP, = (6-h POPy - 5%); 6-h POP, < 25

6-h POP,

6-h POPl

6-h POP; < 1/2 6-h POP);

6-h POP, > 12% or 6-h POP,

6-h POP < 1/3 12-h POP,; Cq >C
6-h POP, > 12% or 6-h PO?

1= 2
(6-h POP, - 6-h POPl) > LP18(25);
6-h POP; > 12% or 6~h POP, > 12%;
(6-h POP, - 6-h POPI) > LP18(25);
6-h POP; > 12% or 6-h POP, > 12%;

(6-h POP, - 6-h POPl) > LP18(25);

2

> 12%; J=1; 6-h POP

12-h
J=2;
12-h
J=3;

12-h

<LP17(10); (6-h POP, - 6-h POPl) >LP18(25)

1 <20%

> 12% or 6-h POP, > 12%; 6-h POP) < 1/2 12-h POP;

_>12%; 6-h POP; < 1/3 12-h POP;

rop, > 12-h POPy

6-h POP1 <207

P0P3 > 12-H POP5; 12-h POP2 > 12-h POP1

6-h P0P1 <20%;

POP4 > 12-h POP,

Figure 12. The portion of the period in which precipitation is specified (P)
ceriteria to place the precip at the beginning or end of the period is mert,

period. €1, C2, and C3 refer to the forecast cloud amount at the beginning,
J refers to the forecast period--1, 2, or 3 for today, tonight or tomorrow,
refer to the first and second 6-h POP of the period. respectively.

respectively.

6-h POP, and 6-h POP2

. If none of the above sets of
it is assumed to be all the
middle, and end of period,
respectively.
12-h POPy, N

12-h PéPz, 12-h POP3 refer to the 12-h POP for the first, second, and third period, respectively.
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PoF at Middle of Period

Precipitation indicated at bepioning of period,

Precipitation indicated at beginning of period.
Temperature in the low range,

Tewperature in the high range.

‘ddle of Period

PoF

at Middle of Period

PoF

PoF at Beginning of FPeriod PoF at Beginning of Period
High Middle Low High Middle Low
1 1 1 2 2 2 5 5 5 1 - : 2 £ 2 e & .
High | ] 1 1 2 2 2 5 s 5 2 2 2 2 e 2 s 8 s
111 2 2 2 | 5.5 5 1 A 2 f 2 218 & @B
1 : ¥ 1 2 2 2 4 L 4 1 1 1 2 2 2 4 4 4
Middle 1 1 1 2 2 2 4 4 4 1 1 1 F 2 2 § 4 [
1 1 1 2 2 2 i 4 4 1 1 1 2 2 2 4 4 4
7 7 7 2 2 2 4 4 4 6 6 6 2 2 2 4 4 4
low 7 7 7 3 2 2 4 4 4 6 6 6 2 2 2 4 4 4
F 7 7 2 2 2 4 & 4 6 6 6 2 2 2 4 4 §
Precipitation indicated at end of period. Precipitation indicated at the end of the period.
Temperature in the high range. Tewperature in the low range. .
PoF at Beginning of Period PoF at Beginning of Period
High Middle Low High Middle Low
_-__‘__‘_——————.._v
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 3 1 1
High 1?2 2 2 H 2 2 2 2 2 2 2 2 2 2 2 2 2 2
0 170 170 170 170 170 170 170 170 169 169 169 169 169 169 169 169 169
I 2 2 2 2 2 171 321 177 2 2 2 2
. 2 2 176 320 176
Middle 2 2 2 2 2" 2 2 2 2 2 2 2 Lo 2 2 2 2 2
171 315 171 2 315 2 2 2 2 r 2 2 2 2 2 2 2 2
i;g 317173 173 317 173 193 317 173 172 316 172 172 316 172 172 316 172
Low 3 319 175 175 319 175 175 319 175 174 318 174 174 318 174 174 18 174
4 4 4 4 4 4 4 4 3 3 3 3 3 3 3 3 3
. Precipitation indicated for all of period. Precipitation indicated for all of perioed.
Temperature in the high rang:_ Temperature in the low range.
PoF at Beginning of Period PoF at Beginning of Period
High Middle Low High Middle Low
1 1 1 1 1 k4 191 a1 216 p & 1 1 1 1 1 190 310 215
High 199 301 218 2 2 2 191 311 216 198 300 217 2 2 2 190 310 215
193 303 220 193 303 220 2 2 2 192 302 219 192 302 219 2 2 2
1 1 1 189 2 2 187 309 214 = 1 1 188 2 2 186 308 213
Middle | 181 305 222 2 2 2 183 2 2 180 304 221 2 2 2 182 2 2
193 303 220 197 2 2 4 4 4 192 302 219 196 2 2 3 3 3
2 2 2 187 309 214 187 309 214 2 2 2 ’ 186 308 213 186 308 213
Low 195 307 224 2 2 2 185 4 4 194 306 223 2 2 2 184 3 3
194 307 224 4 4 4 4 4 4 194 306 223 3 3 3 3 3 3
High PoF at end of peried
Middle PoF at end of period
Low Pol' at end of period
-
figure 13. Precipitation codes (numbers 1 through 8) or phrase numbers given

for the first, second, and third period, respectively.
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Code Number

Figure 14,

or tomorrow, respectively.

all, or end.

snow, snow and rain mixed, and freezing rain respectively.
portion of the period in which precip is specified.
the period (P=END) then POFp, would be the average of the second and third POF's for the period.

Criteria

POFp < LP6 (50)
J=1; P#END; CW=L
if the above criteria are not met

-

TC=HIGH

TC=LOW; POF, < LP8 (50)
TC=LOW; POFp > LP8 (50)

J=1; P=END; CW=L

J=1; P#END; CW=L; DRZL> R SHR;
DRZL > RAIN; DRZL > LPI0 (40);
12-h POP > LP10 (40)

J=1; P#END; CW=L; DRZL< R SHR;
DRZL<RAIN; DRZL<LP10 (40);

R SHR < RAIN; 12-h POP < LP10 (40
and if TSTM > LP16 (10)

J=1; P#END; CW=L; DRZL < R SHR;
DRZL < RAIN; DRZL < LP10 (40);
12-h POP < LP10; R SHR > RAIN;
and 1f TSTM > LP16 (10)

DRZL > RAIN; DRZL > R SHR;
DRZL > LP10 (40); 12-h POP > LP10

RAIN > R SHR
and if TSTM > LP16 (10)

R SHR > RAIN
and if TSTM > LP16 (10)

J=1; P#END; CW=S or R and S
if the above criteria are not met
J=1; P=END; CW=ZR

J=1; P#END; CW=L

¥

(40)

1f the above criteria are not met

J=1; P#END; CW=L
if the above criteria are not.met
J=1; P#END; CW=S or R and §

if the above criteria are not met

Description of precipitation codes.
P refers to the portion of the period in which precip is indicated--beginning,

Phrase

"wet snow" (#145)
"wet snow" (f#145)

"snow" (#144)

"snow, sleet, or freezing rain" (#150)

"rain or rain mixed with snow" (#149) or
"rain or rain and snow mixed" (#148)

"snow or snow mixed with rain" (#147) or
"snow or snow and rain mixed" (#146)

“"sleet or freezing rain" (#212)

"drizzle" (#151

"rain" (#153)
“"rain and thunderstorms" ({#158)

"showers" (#152)
"showers and thunderstorms" (#157)
“drizzle" (#151)

"rain" (#153)
Yrain and thunderstorms" (#158)

"ghowers" (#152)
"showers and thunderstorms"" (#157)

“wet snow" (#145)
"rain turning to snow" ({#206)

"sleet or freezing rain" (#212)

use the logic under code 4

"snow changing to sleet or freezing rain" (#210)

use the logic under code 4
"snow changing to rain" (#211)

use the logic under code 1

"sleet or freezing rain turning to snow" (#207)

J refers to forecast period--1, 2, or 3 for today, tonight,

CW refers to the weather field from the hourly observation--L, S, § and R, and ZR for

to the temperature category (see Fig. 11).

19
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refers to the average of the POF's
For example, if the precip is indicated at the

TC

liquid,
for the
end of
refers



end of period, respectively, the phrase numbers would be 192, 302,
and 219 for the first, second, and third period, respectively.
Locating these phrase numbers in Appendix II, the phrases are as
follows. '

First Period

"Snow ... today ... changing to sleet or freezing rain
during the afternoon." (#192)

Second Period

"Snow ... turning to sleet or freezing rain after
midnight." (#302)

. Third Period

"Snow ... turning to sleet or freezing rain during the
afternoon." (#219)

d. The selection of the precip descriptor based on the precip codes
1 thru 8 is described in Fig. 14,

e. Time definition for precip phrases depends upon the period and the
portion of the period in which precip is expected to occur. The
appropriate phrases are chosen from the list below. If the precip
phrase complexity for the period is 3, no time definition will be
used.

"in the afternoon'" (#159)
"in the morning" (#160)
"after midnight" (#161)
"before midnight" (#162)

f. In the more complex precip phrases, only the qualifier needs to be
inserted, since intraperiod changes are included. For the basic
two or three part phrases, the combination of the qualifier,
descriptor, and time definition is determined by the type of phrase.

5. THE FORECASTER AND CWF IN AFOS

For nearly 10 years, the Techniques Development Laboratory has been experi-
menting with producing public weather forecasts in worded form by computer.
These computer worded forecasts have been available to some WSFO's (Weather
Service Forecast Offices) for a limited number of stations via the KCRT system
for the past several years. However, the AFOS system with adequate computer,
display, and communications capability, allows the full implementation of the
CWF,

In the AFOS network, each WSFO will receive a CWF and a digital guidance
matrix (Fig. 1) for each station in its area of responsibility for which MOS
forecasts are made. These products will be produced centrally on the IBM
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360/195 at NMC. They will be sent via the NDC and will be available to the
public forecaster before the issue time of the early morning forecast.

When MOS forecasts are not available for a particular station and for zones,
interpolation will be made from two to four stations for which MOS forecasts
are available. Both a CWF and the digital forecast matrix will be transmitted.

A version of the CWF program will also be available for use on the local
minicomputer. This will allow four options for the use (or nonuse) of the
CWF at the WSFO:

a. Complete Acceptance

If the forecaster is satisfied with both the wording and the digital
values in the CWF , he can disseminate the CWF with little more than
the push of a button.

b. Minor Revision

If the forecaster wants to make minor changes to the wording or
numerical values, that can be done with the text-editing capability
of the AFOS equipment.

c. Major Revision

If the forecaster wants to make considerable revision of the digital
forecasts, he can do so on the AFOS KCRT and then initiate the CWF
program on the local mini. Wording will then be generated which
conforms to the amended digital forecast. Options a, b, and d are
then available for this locally-produced CWF.

d. Total Disregard

This option is always open.

The CWF application may be tailored to a station's needs or desires by
adjustment of both the control constants and the phrase complexity constants
for each weather element. For example, one station may want to define a
temperature below 10°F as "very cold" while another would not consider a
temperature as "very cold" unless it were below 5°F. Adjustment of the
temperature control constants would allow this flexibility. Changes such as
these would not be made frequently. It is planned that initially each station
would receive the assigned values for these constants listed in Appendix I.
After a period of time using the CWF program, an update of these constants
would be made for all stations desiring it. After the initial update , sub-
sequent updates would be made as needed. All updates would be handled
centrally at NWS Headquarters.

In addition to modifying these constants in this manner, the phrase com-
plexity constants may be modified at run time on the AFOS minicomputer. These
modifications would apply only to that particular run. -(For further detail
see NWS, 1978e.)
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6. PLANS FOR THE FUTURE

It may turn out, as AFOS implementation nears completion, that all CWF's
should be produced on the local minicomputer rather than be sent over the NDC.
This option would trade circuit loading for minicomputer time and can be
exercised any time it seems appropriate.

The present program does not combine periods when the forecast conditions
are much the same for two or more of the periods. This feature will be added
at a later date. In addition, terminology dealing with "watch" situations,
blizzards and winter storms, and snowfall depths will be added.

The present program produces forecasts for the today, tonight, and tomorrow
periods in that order. After we get the initial reaction from field forecasters
using it in the AFOS environment and make any necessary modifications, we will
write the software to produce CWF's for the tonight, tomorrow, and tomorrow
night periods for use in the late afternoon and early evening. Another exten-
sion of the effort will be to produce "updates" that can be issued in the late
morning and late evening.
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Wind Control Constants

Constant Value
LWl 10
LW2 5
LW3 2
LW4 7
LW5 12
LW6 19
LW7 60
LW8 10
LW9 50
LW10 100
LW11 0

Appendix I
Phrase Control Constants

Description

If a random number is less than LWl , wind direction
without "erly" is used.

If certain speeds are within LW2 of each other they
are averaged. See Fig. 4.

If all 3 winds in a period are less than or equal to
LW3, the phrase will be "very light winds.,"

If wind speed is greater than LW4 and less than or
equal to LW5, it is in the "light" category but the
wind direction may still be mentioned. If the wind
speed is less than or equal to LW4, the direction is
not mentioned.

If the wind speed is greater than LW5 and less than
or equal to LW6, it is in the middle range,

If the wind speed is greater than LW6, it is designated
strong or windy.

If the wind direction difference is less than or equal
to LW/, only one wind direction is mentioned.

If the wind speed difference is less than or equal
to LW8, only one wind speed is mentioned. This is
used only for strong winds.

If the forecasted max temperature (today and tomorrow
periods) is less than LW9 "Breezy" is not used.

If the forecasted min temperature (tonight period) is
less than LW9-10 "breezy" is not used.

If IW10 is greater than or equal to a random number,
a range of wind speeds is used in text statements
9-14. To always use a range specify LW10 greater
than or equal to 100. To never use a range specify
LW10 equal to zero. ‘

If a range is desired (see LW10) then
0 - speed range indicated by unsmoothed forecasts
1 - speed range of 5, by increasing max
2 - speed range of 5, by decreasing min
3 - speed range of 5, by changing both max and min
4 - speed range of 5 or 10, about evenly divided,

by changing both max and min.
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Unsmoothed and unrounded speeds are used for
setting range.

Complexity value for the today period.

Complexity value for tonight period.
Complexity value for tomorrow period.

26



Temperature Control Constants

Constant Value
LT1 6
LT2 10
LT3 15
LT4 21
LT5 41
LT6 56
LT7 80
LT8 90
LT9 96
LT10 5
LT11 10
LT12 1
LT13 16
LT14 31
LT15 51
LT16 61
LT17 80
LT18 -
LT19 8
IT 1

2
2

Description

If the max temperature is within LT1 degrees of
normal, the temperature is deemed "normal."

If the max temperature is within LT2 but greater
than LT1 degrees of normal, the temperature is
unusual but not extreme. If is is greater than LT2,
it is extreme,

Wind chill will be considered if it is LT3 degrees
below max or min temperature.

Define seven categories of max temperature,

If the change of max temperature from yesterday is
within LT10 degrees, it is not unusual.

If the change of max temperature from yesterday is
within LT11 degrees but greater than LT10 degrees,

it is unusual but not extreme. If it is greater
than LT11l, it is extreme.

Define seven categories of min temperature.

Not used

If the min temperature is within LT19 degrees of
normal, it is not unusual,

Complexity value for today period.

Complexity value for tonight period.
Complexity value for tomorrow period.
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Cloud Control Constants

Constant Value Description
LC1 0 If a random number is greater than or equal to LCl,

"overcast" will be used as originally specified;
otherwise, "cloudy" will be substituted. To never
use "overcast" set LCl equal to 100. To always use
"overcast," set LCl equal to O.
IC Complexity value for today period.
Complexity value for tonight period.
Complexity value for tomorrow period.

W
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Precipitation Control Constants

Constant Value
LP1 20
LP2 25
LP3 55
LP4 75
LP5 10
LP6 80
LP7 65
LP8 50
LP9 35
LP10 40
LP11 5
LP12 27
LP13 25

Descrigtion

If the 12-h POP is greater than or equal to LP1,
precip will be mentioned. (See LP5)

If the 12-h POP is greater than or equal to LP1
and less than LP2, the qualifier will be "slight
chance of."

If the 12-h POP is greater than or equal to LP2
and less than LP3, the qualifier will be "chance of."

If the 12-h POP is greater than or equal to LP3

and less than LP4, the qualifier will be "likely." 1If
the 12-h POP is greater than or equal to LP4, no
qualifier will be used. '

If the TSTM is greater than or equal to LP5, precip
will be mentioned even if the 12-h POP is less

than LP1, provided the 12-h POP is greater than

or equal to 10,

If POF is greater than or equal to LP6, the
forecast will be "snow'" rather than "wet snow."

If POF is greater than LP7, snow is indicated.

The breakpoint to emphasize snow over rain.

If POF is less than LP9, liquid precip is
indicated.

"Drizzle" will not be used unless the DRZL is greater
than or equal to LP10 and the 12-h POP is greater
than or equal to LP10. To negate this effect set
LP10 = 0. '

The constant controlling the amount by which the 12-h
POP's are smoothed before use. This is not rounding.
For instance, if the absolute value of the difference
between all 3 pairs of POP's is less than or equal to
LP11, all 3 POP's are set equal to the average.

If the current surface temperature is less than
LP12 and it is the first period, freezing rain or
sleet may be mentioned,

If the forecast min temperature is less than LP13

and it is the second period, freezing rain or sleet
may be mentioned.
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Precipitation Control Constants (cont'd)

Constant Value Description
LP14 34 If the forecast max temperature for tomorrow is

less than LP14 and it is the third period, freezing
rain or sleet may be mentioned.

LP15 34 If the forecast max temperature for today is less
than LP15, 1f it is the first period, and if the
precip is limited to the afternoon, sleet or
freezing rain may be mentioned.

LPi6 10 If the TSTM is greater than LP16, thunderstorms
may be mentioned.

LP17 10 If the first 6-h POP is less than LP17 and the
second 6-h POP minus the first 6-h POP is greater
than LP18, precip may be limited to the last part
of the period. Also if the second 6-h POP is less
than LP17 and the first 6-h POP minus the second
6-h POP is greater than LP18, the precip may be
limited to the first part of the period.

LP18 25 See LP17.

LP19 10 If the period precip complexity is 1, if the period
is the first, if the 12-h POP is less than LP1, if
the TSTM is greater than LP5, and if the first 6-h
POP minus the second 6-h POP is greater than or
equal to LP19, the precip is limited to the morning.
- There is also a similar arrangement for the afternoon.

LP20 5 If the POF is less than LP20 the phrase at the end
will be "Probability of rain ..." If the POF is
greater than 100-LP20, the phrase will be "Probability
of snow ..." Otherwise the phrase will be "Probability

of precipitation ..."

LP21 35 If the 12-h POP is less than LP21, precip will not
be emphasized.

LP22 R If the QPF category is greater than or equal to LP22,
"heavy at times" will be used in the precip phrase.

LP23 55 If the 12-h POP is greater than LP23, clouds will
not be mentioned unless precip is indicated in only
part of the period.

IpP Complexity value for the first period.

Complexity value for the second period.

Complexity value for the third period.

[N
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Appendix II
Text Phrases
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Appendix III
Cloud Phrase Selection

Cloud forecasts Forecast Period

CLEAR C - clear ' D - today

CLE AR § - scattered N - tonight

EtE;:? B ~ broken T - tomorrow

CLC Ak 0 - overcast

CLEAR 3

g B Example

CLENAK )

CLEAR Cloud forecast - beginning of period
Cloud forecast - middle of period

Suf:ty e _Cloud forecast - end of period

SU“.‘IEY e Period

ﬁggfr‘f CLEAR Cloud complexity for period

MCSTLY CLEAR th‘-'

MOSTLY CLEAR ’—

Sumnty

Sutelly T 3 Sunny

Suiity

MOSTLY CLOUDY THIS MGRNINGs CLEARING BY NOON.

MOSTLY SUIWNY

MOSTEY SUNNY

MOSTLY CLOURY. CLEARING BY MIDNIGHT

CLEARING BY MIONIGHT

CLEARING .
MOSTLY CLOUNY. CLEARING BY NOON

CLEARING BY MNOON

CLEARING

cLCuny THIS MPRNTMNGs CLEARING BY NNON
VARILBLE CLoUNIWESS

VARIABLE CLOUNTNESS

CLo2UNY ,CLEARIMNG RY MIDNIGHT
CLEARIMG BY MTDNIGHT
CLEARING

CLOUNnY, CLEARTNG BY NOON
CLEARING BY NOON

CLEARING

SUNLLY

SURTY

SURT'Y

MOSTLY CLEAR

MOSTLY CLEAR

MOSTLY CLEAR

SUNT:Y

Surtiy

SUNMY

MOSTLY SUNMY

ACSTEY SHUNNY

MOSTLY SUNIMY

PARTLY CLOuDY

PARTLY CLOUNY

PARTLY CLLURY

WOSTI Y S'NNY

MCSTLY SUty

MOCSTI Y SUNY

PARTLY CLOUOY THIS MGHRNING, CLEARTIMG BY EVENIAG
PARTLY CLUuNY

PARTLY CLOLuY

MOSTYLY CLOUNY. CLLARINLG BY MORMING
CLEARING EY MNRNING

CLERRTM

MOSTLY CLOURY. CLEARING BY EVENING
CLERRING &Y EVENTNG
CLEARING

CLCUNY THIS MNRIIANGe CLEARING HY MOON
PARTLY CLouny

PARTLY CLOUIY

cLourmy, CLEARING FY MIDMIGHT
CLEAFING BY MTDONTCHT
CLEARING

cLeuny, CLEARTNG ©Y EVENING
CLEARTING BY EVENTMNG

CLEARING

VARIAPLE CLUHHINF S

VARIALLE CLOUNTLFSS

VAPTAFLE CLOU"I«F&S

VARTAPLE CULNOLINTINFSS

VARTALLE CLOUINTINESS

VARTZBLE CLounIwrss

YARTARLE CLONNTNESS

VARTAGLE CLOUNTIWESS

VARLAPLE CLOUPNTINFES
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PARTLY CLUGLILY
PARTLY CLLUIY
PARTLY CLuUNY
PARTLY CLGUNLY

PLRTLY CLOUnNY
PARTLY CLOGUNY

PARTLY CLUIY

PARTLY CLOUDY

PARTLY CLOUDY

CLOURY THIS MAPNTHG, BECOMING SUNNY BY AFTERHON'
VARTCLALE CLAUNILFSS

VARTAPLE CLCUNTNFSS

VARTLOLE CLOUNTHFSS

VAPTAFLE CLOUNINESS

VARIAFLE CLOUNTNESS

CLOURY, RCCOYTNG SUNLY BY AFTERNOON :

PARTLY CLuuUrny
PARTLY CLOUDY

MOSTLY SUNNhY
MOSTLY SUufly

VIOSTIL ¥ SUNY

PAPTLY CLOULY
PARTLY CLLULY
PARTLY CLOGUNRY
MOSTI ¥ SUHNY

MOSTI Y SUNLNY

MOSTI ¥ SUNNY

MOSTLY SUhMY

MOSTI Y SULNY

MOSTL ¥ SUNNY

PARTLY CLOUDY
PARTLY CLOUDY
PARTLY CLOUPY
MCSTIL Y SULtly

MCSTI Y SUlLNY

MOSTI Y SUlNY

PARTLY CLOUDY
PARTLY CLOULY
PARTLY CLOURY
PARTLY CLOUNY
PARTLY CLOuUNnY
PARTLY CLOUnRY
PARTLY CLGUDY
PERTLY CLOULY
PARTLY CLOUNY
CLCUNY THIS MNRMINGs BECOMING SUNMY BY AFTFRMCON
VARIAPLE CLNUNINESS
VARTIARLE CLOUrTWFSS
VARTADRLE CLOUNINESS
VARIADPLE CLOUNIAESS
VARTIAPLE CLOUNIAFSS
CLOUNY, RECOMTHG SUMNNY BY AFTERNOOM
PARTLY CLOUMNY
PARTLY CLuUlrY

PARTLY CLOUL.Y
PARTLY CLOURY
PARTLY CLLUNY
PARTLY CLGUNY
PARTLY CLCUrY
PARTLY CLOURY
PERTLY CLOUnLY
PARTLY CLOUPY
PARTLY CLOunY
PARTLY CLOGUCY
PARTLY CLOuUDY
PARTLY CLOUNDY
PARTLY CLOUrY
PARTLY CLOUnY
PARTLY CLOU[Y
PARTLY CLCOUOY
PARTLY CLOULY
PARTLY CLOLCY
MOSTLY CLOL'NY
MOSTLY CLOULDY
MOSTLY CLuuny
MOSTLY CLOLNY
VOSTLY CLOLDY
MOSTLY CLoupy
MUSTLY CLCULDY
MOSTLY CLCUnDY
MOSTLY CLouny
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OVERCAST SKIFS THIS MORNKING. DBECUMING SLMIY LY FwEMING
“OSTLY CLounY
MOSTLY CLOLN.Y

4CSTLY CLuuny
MmOSTLY CLOuDY
MCSTLY CLOUnY
vaSTLY CLCUnyY
MOSTLY CLOuNny
“OSTLY CLOuny
VARI®ALE CLCUPIWESS
VARIAHLE CLOUNTNFES
VARIAFLE CLOUNINFES
VARIARLE CLOUNINFSS .
VARIAFLE CLOURINESS
VARIAFLE CLOURINFSS
VARILPLE CLGUNINESS
VARIARLE CLCUNINFSS
VARILELE CLCUPINFLS
VARIAPLE CLCUNINESS
VARJAELE CLGJUMINFSS
VARIAPLE CLOURINESS
VARILELE CLOUNTIFSS
VARIABLE CLOUNINESS
VARIAZBLE CLOUNINFSS
VARIARLE CLGUNINIFSS
VARIABLE CLOUNINKFESS
VARIAEBLE CLOUNINFESS
MOSTLY CLOuDY
MASTLY CLOUDY
MOSTLY CLoUny
MOSTLY CLOUNDY
MOSTLY CLOUrY
MOSTLY CLOuCY
MOSTLY CLOuny
MOSTLY CLOUDY

MCSTLY CLOUnY
OVERCAST SKIES THIS MORNING. BECOMING SUNNY BY EVENING

MOSTLY CLOuUnY
MOSTLY CLOUDY
MOSTLY CLOUCY
MOSTLY CLOUDY
MOSTLY CLOULY
»osTLY CLOuny

CLEAR THIS MORMINGs WITH IMCREASIMG CLOUDINESS THIS
AFTERMO0ON
MOSTL Y SUNNY

CLEAR, BE%O[ING CLOUDY RY MORMING

LEAR

© WITH INCRFASING CLOUDIMESS T THE AFTERMOAN
MOSTE Y SUNN
MOSTE Y SUNHY

SUNHY THIS FOPMIMCe WITH INCREASING CLOUDINESS THIS
AFTERNQO

PARTLY CLUUNY

PARTLY CLOULY

PARTLY CLUUMY

PARTLY CLOULY

ARTLY CLOUnY
PARTLY CLOUNY
PARTLY CLOUT Y
PARTLY CLOUUNY
VARILAPLE CLOUNTINESS
VARTIARLE CLCUNINF 5SS
VARTARLE CLOUNTHFSS
VARIARLE CLnUNINFSS
VARTIAFLE CLoUNTINFSS
VAPIARLE CLruninufFss
VARIAGLE CLNUrTUFSS
VARTAHLE CLCOUNTHFSS
VARTAPLE CLOGUPIKLFS
VARIAPLE CLOUNTWESS
VARIAPLE CLOUMTINFSS
VARIAHLE CLoUNTiNFSS
VARIAFLE CLoUNIKFSS
VAPTARLE CLPUPTNFSS
VARIARLE CLounIAFSS
VARIARLE CLnunINrﬂQ
VARTIANLE CLouUnINFSS
VARIAFLE CLOUPINFSS
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CLEAR BECOMIMG
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nmm.
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CSTLY CLOUDY RY Noow
1Y NOON
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SITNNY THIS MORIITNG,

GMING MOSTLY CLO
ouUNY AY FICNIGHT

CLOUDIMESS 11l THE AFTERMOON

NG
00N

UNNY THIS MORNING,

MORMINGs BECOMING MOSTLY CLOUDY RY MOON

WITH INCREASING CLOUNTMESS TN THF

RECC™ING CLOUNY TN THE AFTERNDON

BECOMING CLOUNY

MOSTLY CLOUDY
MOSTLY CLOUDY
MCSTLY CLouny
MOSTLY CLOUNY
MOSTLY CLOUpY
MCETLY CLOUDY
MOSTLY CLOUDY
MOSTLY CLOUNY
MCSTLY CLOUDY
CLouny

cLouny

CLOUNnY

cCLOuUnPY

cLouny

CLouny

cLouny

cLouny

cLouny

SUNNY THIS o
MOSTLY CLOUnRY
MOSTLY CLouny
CLEA®, EECOMTIHG
RECOM»ING CLOUMY
FECCHIIG CLruny
SUMNYe BECOMING
BRECC™InG CLNnUNY
RECOr.ING CLGUNY
SUNKYy THIS
POSTLY CLCU Y

MOSTLY CLOUNY
MOSTtY CLOUDY

MORPMTINGs BECOMING OVERCAST 3Y MIDCAY

BECOING OVFRCOAST BY MIONIGHT
RECOMING OVFRCAST
SUAY s BECOMING CLOUNDY RY NOON
RECN"ING OVERCAST BY NOON

FECOMING OVFRECAST

rLoury
CLOGNY
CLOLNY
CLOuUNnY
cLouny
cLoury
cLouny
cLauny
cLouny

CYEPCAST
OVERCAST
OVE RCAST
OVFReAST
OVERCAST
NVERCAST
OVEKRCAST
EWEAST
OVERCAST
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Consistency Check for Cloud Phrases from Period to Period.

First Phrase of Pair

Second Phrase of Pair

Second Phrase Changed to

clear

mostly clear
sunny

mostly sunny
partly cloudy
clear

mostly clear
overcast
overcast
cloudy

cloudy

mostly cloudy
mostly cloudy
mostly cloudy

clearing
clearing
clearing
clearing
clearing
becoming
becoming
becoming
becoming
becoming
becoming
becoming
becoming

sunny
sunny

cloudy
overcast
cloudy
overcast
mostly cloudy
cloudy

increasing cloudiness
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clear

mostly clear
mostly clear
partly cloudy
partly cloudy
sunny

mostly sunny
cloudy
overcast
cloudy

cloudy

mostly cloudy
cloudy
mostly cloudy



